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Ke-examinatioii of tin* <reii(‘ri(' status and ladatioiisliips of 
Rouscffus^ snisu stricto, and Lissouycfi ris, a su|)])os(m] snb^auius 
of RousctfiiSy has ))een prompted by the great ditfereiKM‘s obs(‘rved 
between live s]:>e(dinens of tlie two genera. In 1955 and 1956, 
Xoviek was able to iiiak(‘ extensive oltservations of living bats 
not only of these two genei*a but of six otbm* ])t(‘ropids as W(*ll 
(Xovi(*k, 1958). Of these, aeeoi’ding to Andm-stm (1912), Ridoloii 
luivuui and Ptfropus <j. (ji(ja)if(i(s as well as Rtnn^ctfus belong 
in the Rouscfti(s seetion of the Ptm’opinae, Cynopfcrus bnichyotis 
luzouinisis, Cyaoptn us spliiur c( ylouni.sis, and Pt< uoclnrus 
jayorii belong in tin* Pyuopicrus seetion of tlie Pteropina(‘, 
while E<n\ycicris spelaea yJandifcra, Eoityvicris robifsta, and 
Macroylossns 1. layochilns ara^ in the subfamily Mat-roglossiitae. 

BEllAVlORAl. COMPAinSOXS 

A single wild eolony of about twiuity Lissouy(dn'is aufjolcnsts 
was obsm’ved in the Belgian Congo and various wild eolonies of 
Rfmsrtfus au) plericaudatus, R. scmiuudus, and //. afyypiiacus 
were obs(‘rved in the Philipjtiites, Ceylon, and the Belgian 
Coitgo, r(‘S])eet ively. Two Lisso}iyctfris anyolnisis wm*(‘ raptured 


Fonmu-ly at th<‘ moloj'ical Lai)oratori<‘s, Harvard t/ni vprsity. 
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and one, a mature female, liv(‘d in eaptivity for fifteen months. 
Maiiy IL afgijptiacus Avere also taken alive and observed for a 
period of some weeks in tln‘ Belgian Con^o. One, a mature male, 
was kept for over nine months eoiieiirrently Avith the Lissonyctcris 
mentioned ahoA^e. In addition, some six li. sfiuiinfdus and a dozen 
Ii\ amplr.ricaudatifs Avere observed in eaptivity for ])eriods of six 
Aveeks to more than three months. 

P^rom tlie very first, the difterenees in l)ehavior of Lissonyctcris 
and Rouscttns Aver(‘ grossly ap])arent. These ean best be described 
as differences in limb use and in orientation. 

Limb Use 

Rouscftns ordinarily oeeu])y dimly li^dited eaves Avith large 
entrances and sheltered retreats. Here they commonly liaiig in 
large ('lusters along the walls or (‘ciling. On the Avail, th(\A^ hang 
by their hind feet Avith their h‘gs so tunnHl that their backs are 
to the Avail, their Avings folded at their sides. They take flight by 
SAvinging their body up and rotating around their fe(d Avhieh 
remain temporarily in ])osition heiv' tliough the legs are now 
crossed. This position is Avell illustrated by Kulzer (1958), in 
an excellent paper on the biology of Rousctfus. Ronscttus also 
roost in creAuees. Here one ('annot see their undisturbed ri^sting 
position but th(*v must use all four limbs in ent(‘ring and l(*aving 
such er(‘vi('cs. Rousctins can fold tlieir Avings considei’ahly and 
Avalk aAvkAvardly on their Avrists and hind f(‘et or tlnw ('an climb 
vertically, head first, or moA’(‘ along the irn'gulai’ sui’fa('(‘ of a 
caA^e or crevi('c ceiling using the claws of tlnnr thumbs and hind 
feet. When Roiiscttus roost in trees, as they do Avhen disturbed in 
their (‘aATs or at night Avhen feeding, they almost always hang 
by both hind feed ])lus one or both thumbs in a slotli-like ])osi- 
tion, one foot and one tliumb on each side of tlie l)ranch and 
their Avings folded. Th(‘y fre(piently move along the undersid(' 
of the braiK'h in this position using all four limbs. Thus, Avild 
RoHsetf}(s use their Avrists for Avalking and their thumbs for 
climbing, roosting, and moving along tln^ underside of branches 
or fruits. 

CaptiAT RoKsettus AV'ould roost in all of the positions described 
aboA^e. Wheji they Aver(* exposed to light, they Avould frcnpamtlA^ 
craAA’l into a conuM’ of lh(‘ (*ag(' floor or int(^ their feeding dish 
Avhere tlnw Avonld pr(‘ss th('mselv(^s as closely as possibh' agaijisl 
their surroundings, aA’oiding the tight on th(‘ir (\V(‘s. LraAvling 
is a not uncommon mode of locomotion for Roiisctfus, Avheth(‘r 
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restricted to <i or allow(‘d to iiiov(‘ t'r(‘(‘ly alioul u rooiii, 

Wliile i’oi’ example, tlu’v would (‘rawl l)(‘t\V(‘(‘ii tli(’ hands 

of a st(Mii of bananas. In addition, th(‘v (X't’asionall y used llieii' 
wrists and thumbs as pnsli(‘i*s to iv’adjnst morsids of fruit in 
tlnnr montlis and Ji. (n (jjfi)1}(fnis oiu’e was seen nsin^' tin* (daws 
of one hind foot to manipidat(^ the’ food in its nioiilli. 

Jjissouijetrris never use their win<»‘s for loeomotion otluo’ tlian 
fii<>:ht. In tli(‘ wild, and in (‘aptivity in a lar^e tlig’lit room, 
Lisso}ujetn‘is always roosted lianging fi’i’e from tli(‘ (’eiling or 
a braneli oi\ oec’asionally, hanging from an in-egnlarity of tlie 
wall, their ventral sui’faee out as with Rousrttns, but never 
using their wrists oi- thumbs foi* su])port and never entering a 
ereviee. Lissouyeferis Avoiild liang fi*om a branch or the (’eiliug 
by the claws of one or botli hind f(‘et. If they used botli f(‘et, 
characteristically l>oth would be on tin* same side of tlu’ branch 
or irregularity. Lisso)fyctcris s('euied in(‘a])abb' of folding their 
wings tightly as Iiouscftifs do; wlum I’oosting tliey hold tlieir 
wings only slightly fohb’d emadojung their ventral surface (s(>e 
Kijl. 5). 

Lissonj/efrris W('r<’ iuca])abl(‘ <d’ walking or climbing siiu'C both 
activiti(‘s rcapiirc’ that tin* wrists or thumbs lie used. Tlu\v mOAxal 
along tludr roost only by r(d(’asing their hold with one foot, 
moving this foot along to a U(‘W hold and then following with 
the otluu* foot. Such mov(Miients, always slow and iiudbcieiit, 
W(‘re suitable only foi’ slightly changing tludi’ roosting position. 
Lissouyctcris never land(‘d on a liorizoutal snrfaca^ l)y (dioice 
and, when forc(Hl to do so to tak(‘ its fruit from a dish, its move- 
ments w(‘i’(‘ awkward and incom])(dent. Aft(u- pi(d\ing nj) a 
piece of fruit, it would fiaj) off without ('rawling. 

Lissonycfrjis regularly use theii- hind feet, but i*ar(dy tludr 
wrists or thumbs, foi* handling tludi’ food. Wlum oiu‘ Avas lunuh'd 
a piece of banana, it would grasp this with its teeth. Then, having 
r(‘adjusted its roosting foothold, it Avould bring oiu’ foot down 
(either one Avith apparently (Mpial facility) to its mouth and 
hold the ])iece of fruit Avith its Avidely spread toes Avhile biting 
or breaking off a manageabh' fragment (see Fig. J). Then. 
Avhile cheAving this fragment, it Avould hold tlu* liulk of the piece 
of fruit, Avith its tex^s, against its (‘best or abdonu’u, fr(*(piently 
partly or eom]det(*ly cov(‘r(*d by its A\dngs (sc(* Fig. 4). Karely, 
A\du*u througli car(*l(*ssuess or fragmentation it Avas about to di’op 
tlu* ])iece of fruit Avhi(*h it Avas chewing, the bat Avould regain 
its tooth-hold by using its Avrists and thumbs as aAvkAvard ]mshei’s. 
Thus Romeff us, sc^isu sfricto, ditf(*i’s from Lissouyeferis in its 
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uso of wrists, thiimhs, and liind feet in roosting', eliinbin^, moving’ 
aloii" brandies, walking’, and handling' its food. 

Ainoii^ tlie other pteropids, EidoUni and Id era pus, thoii^b 
they iKwan’ enter eaves, roost in trees in inueb tlie same posture as 
HoKsrtfus, holding’ on with both hind f(M*t as w(41 as witli oik' or 
both tbnmlis. Eouyctcris, in eaves and in eajitivity, roost and 
move in all ways like Eo}iS( tf us. In all of tln^se genera tln^ wings 
ean be eonsiderably fobbed: some also eommonly roost with tlieii- 
wings enveloping their vcmtral snrfae(\ Neither Eidolon noi- 
Etrropns ean Avalk well on horizontal surfaces and both wonld 
jirobably be ineajiable of entering eave ereviees as do Ronsettus 
and Eonyctrris. I^teropns, at least, use their wrists and tlmmbs 
skillfully to handle frnit and to ori(‘iit the morsels in their mouth. 

(' ijnopterns, Rt( nochiriis and, to a certain (^xteiit. M acvotilossns 
also use their limbs very much as does LissonijcUvis. All three 
hang from above, liy their hind feet only, though, unlike lAs- 
sonifcU ris, they apiiear to use their thumbs for climbing up walls 
or along branches. T1 k‘ wings of C\fn<q)tfrns and M acroiflossns 
do not s(‘em to fold in life any more tightly than tlmse of IJs- 
sonifctevis. Judging from ])ictnres of Epo\noph(n'us (Allen, 
Lang, and Chai)in, 1917, pi. 46) and tlu^ ])osition of M ]joupctcris^ 
Avings in alcoholic speciiijeus, tluni* ])ostur(‘ in lif(‘ is also like that 
of Ijissouif(drris. 

Lissonyeferis (as also CynopU rns and RU nochirus) t(uid(‘d 
to hold large amotints of food in tlK'ii* cheeks and to carry food 
to their roost, there to ch(*w vei-y slowly. AVIkui reijuired to fly 
whil(‘ eating, they would sometimes drop a r(*ally larg(* piece'. 
If Lissouyefi ris was holding a pi(*ce of fniit with its hind foot, 
it Avould either transfer this to its month foi’ fiiglit or drop it. 
Rousetfus never seemed to store fniit in its cheeks or to fly with 
any in its mouth but, like Eonyctnis, Eidolon, and Rin'opns, 
geiK'rally stayed at the' food som*(*(‘. biting and worrying off 
fragments and che'wing these at once. 

Lissonyotrris would chew and crush fruit, su(4i as melon and 
pineapple, until all of the juice' liad been exju’e'sse'el and sAvalloweni 
and then push the remaining small bolus e>f fibe*r e>iit e>f its memth 
with its tongue. Hanana, being nein-fibrous, was swnllowe*el ceun- 
plete'ly afte'r ehe'wing. Ronsdtus usually ate* banana cind, like* 
LissoujfcU ris, swallowed tlie* whole fruit but wlie'u Roiisfttns ate 
mange), papaya, e>r me'lon, unlike' Lissoujpdrris, tlie*y se'e'iiu'd tei 
swalleiw the* wlmle substance*. 
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( )KlKXTATiOX 

JJssonyci(ris Ixousciius diH'cM’ st y in tlioir orienta- 
tion. Lissr/nyctn is ov\cn\ (‘iitiivly by vision (Xoviek, IdoS). The 
eaptive bat was li(di)I(*ss in tli(‘ dark and r(‘fiised to fly in tlie 
(iark or wlnni blindt*old(‘d. Wluni it was l'ore(‘d to fly without 
vision, by bein^* tlirown into tli(‘ air, it always (*rashed into the 
fii*st obsta('l(‘ it met. 

J\ousctfus (unpl( j'icau(hiius, Ii. snninndus, and H. avyypiiacus 
all oidetit visually and aeonstieally (IMilhi'es and Kulzei-, 195() ; 
Knlz(n\ Iboti, IJloS; Xovic'k, IfloS; (Jriffin, Xoviek, and Korn- 
tield, 1958). T1 k‘ sin^-le R. acyyptiacus observed for ov(‘r niin* 
months in (-activity orient(‘d lai'^'ely visually in strong- li^ht but 
orient(‘d acoustically in the dark, in dim li^ht, when avoiding’ 
intricate obstacles, and wlnui landing* or taking- off. Sucli acoustic 
oi*i(‘iitation obviously demands speidalizations foi' sound produc- 
tion, (‘mission, rec'eption, and interpretation. Tin* biain, in 
])arti(*nlar, must l)e highly sp(‘cialized for handling* ac'oustic 
information. 

In the j)t(‘ro|)ids, acoustic orientation has so far been found 
oidy in RoKscfius, srnsu sfricfo, and not in Eidolon, Ptcropus, 
('yuopfi vus, Pf( uociririis, Eonycteris, Macroylossiis, or Lissouyc- 
tfris (Xovi('k, 1!)58). T1 k‘ orientation of Sfenonycfcris, a sub- 
menus of h*ous(tfus, has not been observed. The distinctness of 
Rouscttus, not only t'i‘om Lissonyvfcris but from a fair sample of 
othei- pt(‘ropids as well, is clearly (‘stablished by its acoustic 
oi'icJitation and the behavioral, physiolom’ical, and anatomical 
features associated ^Yith it. 


>SUMIVL\KY 

To summarize'. Lissonyeferis diffei* fi*om Roitsdtus, snisu 
stricto, in theii* i*oostinm‘ ])osture, in their non-flight locomotion, 
and in theii' inability to ori(‘ut ac'oustically. romparinm 
roosting' and loeomotory l)(‘havior of those bats observc'd alive, 
W(‘ find that Rousettus resembh's EidoUni, Ptcropus, and Eonyc- 
frris, while Lissouyct( ris r(‘sembles Cynopi( rns most clos(dy. 
Brief oiisiu'vation of live epomophorine bats and examination of 
pictures and preserved s|)ecim(‘iis of (‘pomophorim* bats and of 
Myonyvi( ris sumj 4 '^"st that in behavioi* Lissonyctcris i-esembles 
these bats as well. 
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M()KIM10L()(JICAL CO.MPAKISONS 

Th(‘ behavioral differeiiees betvxMOi the liv(^ hats are reinforeed 
by less s]a*etaeuhn', l)iit e(|ually ilefinite, eliaraeters of tlie more 
eonvtoitional taxoiiomie sort. Thes(" make it clear that Ias- 
soinjctcris is fai* closer to M i)(iHijcUris, a sii|)|)Osed intermediate 
^(mns b(‘tween the I’onsettine and eynopterine \h‘du to 

IiOiisctfus. Th(*y also show that lAssoiijjcfcris aiul Myonycferis 
foi-m a natiii'al ;m-oiip pi'obably intei*meiliate between the rouset- 
tim‘ and epomo|)hoi*im‘ ^‘i*oups, and one whose ivsemblanees to 
tile eynopterines an* mon* a|)|)arent than r(*al. 

The ronsettine and eynopterine seidions of the ITeropinae are 
('hi(*tly distin<>nished by tin* following' eliaraeters ])Ossessed by the 
latt<n‘ and not by tlie foianer : The rostrum is shortened and the 
fainal axis is not d(*lleeted, and usnally ai*e lost, the eyes 
are larger, and there is a tendeney to form tnbniar nostrils. The 
ditferenees in tin* rid^'es of the soft ]ialate deseribed by Andersen 
(lhl2, p|). lx, 485, 591, fi^'s. 29A, 50) ai’e also ehai’aeteristie. 

On the basis, larjj;‘ely, of these eliaraeters, Andersen points out 
that Mijo}(!ict(ris is somewhat intermediati* betwe(‘ii the eynop- 
t(*rine and ronsettine sections. IIi* says (1912, i)p. Ivi-lvii) : 

M (/(ftiyrtrns . . . has in many respects remained on the Eouset- 
tim* lev(*l of developiiu'iit, while in othei's it exhibits modifications 
approaching' those of Cyiioptcnis. The <»‘eneral appearance, the 
dental formula, and the palate ridg'es are (piit(* or nearly as in 
IiOUs( tills, but the rostrum is eons|)i(Uionsly shortened, the facial 
axis less deflected, m:5 and m- (last lower and upjier molar) 
redue(*d almost to rudiments, tin* orbits lar^'er, the nostrils more 
promiii(‘iit and tin* (*alear w<*aker,” and later ( p. Ixi) : “The 
fact is that tliis ^(*nus has retaiin*d many eharaet(*i*s of R<jusctt us, 
wliile in ])raetically all the featur(*s in which it differs from 
l\ous( tills it more or le.ss elos(*ly aiijiroaches to Cynopteriis. 
Wln*tln*r a u(*nus exhibiting' characters of this d(*seription ou«»‘ht, 
in a liin*ar ari‘an<i'(*nient, to lx* classed at or near tin* end of the 
lionsettine sc(‘tion or as tin* ‘op(*nin^'' ^enus of the ryno])t(*rine 
s(‘ction, must nec(*ssarily remain a matter of opinion.” 

The r(‘S(*mblance of l/issimycii vis to M yonycti vis in ail the 
above traits, (*X(‘(*}it tin* sliort(*nin^' of tin* rostrum and r<*du{*tion 
of tin* d(*ntition, was not noted })y Anders(*n wln*n in* classifi(*d 
tin* fonm*i‘ as an aben*ant form r(*lat(*d to but jiossibly ^enerically 
distinct frojn liniisittiis (op. cit., 1912, p. 814). At the same 
tinn* he does note ( 1912, p. xlix) : “the brain cast* [Lissouycteris] 
is j)(‘culiarly natt(‘jn*d postei’ioi'iy and tin* fatdal axis even less 
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deflected tlmn in l^ousdfus, both eharaet(*rs g'iving' the sknll, 
viewed in protilt*, a ratlier sti'ikin^’ r(*send)lam*e to E poniops/ ' 

Exteknao (hi ahac'tkhs 

Aetuaily, in addition to the ratliei* generalized luyoiiyeteriin* 
eliaraet(*rs o;iven abort*, botli Lissoitycferis and M ponijeferis have 
a nninber of ti*aits in eonnnon wliit*li the small size of M ifonycicns 
and the sn|)ei’fieial I’esemblaiiee of Lissonijctcris to Eouseffus have 
tended to mask. Thief amono* these, externally, is the develop- 
ment of the win«* in these two genera which greatly exceeds that 
of Rausettus. Though it is more similar in size to that in Cijnop- 
tenis, it is different in pi’oportions. The size difference shows 
most eonspiciionsly in tiie ^reatei* h*n«4th of the eoinbined meta- 
carpal and tirst phalanx of dibits thrt*t* to five as compared with 
length of forearm. The following- com|)arison of finder lengths 
refers only to these two joints. In Lissoinjetcris, the fifth finger 
is conspicnonsly longer than the forearm; in M ponpctnis, the 
slightly smaller wing has digit five snbeqnal in length to the 
forearm. In Roiiscttus, the fingers are much shortei*; usually 
only digit three has the upper joints as long as the forearm; 
occasionally three is somewhat longei* and four is subequal to 
the forearm. In all thi’ee genera, these two joints of digit five 
are shortest though the relative lengths vary s])eeifically. Cynop- 
tents, while longer fingei*ed than Rouscttus, is less exti*eme than 
the other two genera and differently propoi’tioned. The meta- 
cai'pal and first phalanx of digits four and five are sube(iual in 
length, witli four being slightly shortei* than five which is about 
the same length as the forearm, while digit three is conspicuously 
longer. 

Oth(*r differences in i-atios of wing bones i-an be worked out, 
but the most significant fact is that in development of the wing 
Lissonycferis and M yonyctt ris ai‘(* not interm(*diate between 
Roustftiis and C ynoptenis hut differ (‘(pially from both. The 
saim* is true of the aftachment of the wing which in the two 
formei* g(*nera is m*ar the middle of the first phalanx of the 
second toe, in Cynoptenis is ii(*ar the distal end of the first 
phalanx of the first toe, and in Rousettus is usually between 
metatarsals one and two, sometiim*s near the bases of the first 
phalanges, often well proximal to this. 

Lissonyetcris and Myonyt'ft ris aiv also ecpially distinct from 
the other two genei*a in sha])e and arrangement of the odontoid 
papillae. These papillae, which border the lips, inside, fi*om the 
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aii^le of tli(‘ inoutli forwai'd, are ratlier ami pointed and, 

in Lisso)ii/ct( ris, form a sinjzie I'ow (‘xt ending' about to tlie eanines. 
In Mifoinjcti ris, the slia])e and ar]*angeinent of tlie ])apillae ai*e 
about tile same, but in some instanees on the upper li]) toward 
the an;ih‘ of tlie month tliere is a poorly defined seeond row. In 
Roiiscitus, the sin^‘h‘ row of small j^apillae is mueh redneed in 
extend and siz(‘. In C ifuopicrm, the more numerous, lar»*er 
paiiillae are irre^nlarly arranged in a broad band two or three 
rows wide and somewhat better develojied on tin* uj)])er than tlie 
low(‘r lip. 

The arraiio'ement of the jialatal ridg(*s in Lissonijcieris is very 
ditftu'init from that in (Uptopfirns and, while more like that in 
Rousetf i(s, differs in eertain details whiedi a^'ain ])oint up Lis- 
soupctcris^ (dose rescnnblaiice to M jjoupcf( ris. In the two latten*, 
the thre(‘ aiit(*riormost rid^(»s an* not divi(h*d and sean*ely, if at 
all, bowed forward ; four and five are divided in the middle, 
slojx* forward (as in RotiseH us) , and have tlu* inner ends re- 
enrved ; six ami sev(*n, whieh li(* behind the tooth row, are 
similarly slia])ed and these last four (‘onver^’e somewhat at th(*ir 
medial ends. Behind this, then* are two or three other ])Oorly 
(h*fined rid<>es. Rousetfus differs in ^en(*ral in having* the ant(*rior 
ridges iiion* bow(*d forward, number four usually not divided, 
and the posteidor ridges niori* nearly parallel, with eaeh oth(*r. 

Other external (*hara(*t(*rs whi(4i st*t Lissouf/clfris and M jp>uye- 
ii ris apart from Rous( ttus are the shorter, less robust tail, the 
longer, dens(*r fur on tin* notopatagium and on the ])roximal, 
dorsal surfaee of the tibia, tin* smaller foot with the basal (piarter 
to third of tlu* first phalanges webb<*d (st*e Fig. 1), the more 
sleiuh*!* (daws, tlu* more d(*lieat(* ('alt-ar, and the ext(*nsiv(* pateh 
of glandida]* fur on the thi'oat of adult males. 

Hair STinu’TrRE 

Additional <*videne(* of tin* elose i*elationship of Lissonyctfris 
and Myfntyrteris eoim*s from B(‘iiedi(*t (IboT) who says that they 
hav(* (*ssentially tlu* sanu* hair struetniv: tlu* ])igm(*nt distiabu- 
tion, abs(*ne(* of a mednila, and foi*m, an*angenu*nt and dimen- 
sions of tlu* s(*al(*s b(*ing alike. Tin* slight dilf(*r(*m'e she d(*seribes 
in tlu* more distal maximum dianu*t(*i* of tlu* hail* in M youyein’is 
s(*(*ms s(*ar(*(*ly Imjiortant. Tlu* hairs of Cyunpicrus ar(* so dif- 
ferent as not to ne(*d eomparison lu*r(*. Those* of Rmtsdius are 
less (umip(*llingly so, bring similar in pigment distrilmtion and 
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<i])s(Mirc of i\ DUHliilla. They ai)])aront ly diff(‘r in aiTaii^v- 

nuait and sizo of soah's and, 1o a t*(‘i1ain (‘xUnit in tludi* foiaii. 
In u'(Mi(‘i*al, IIm'so (liffiM-ciH'cs scmmii nior(‘ of (l(‘L»r(‘(‘ than kind. 

(.'kAXIAL (hlAKAO'nOKS 

('ranially, as (*xtcrnally, Lisso}njrf(}'is and d/y/oa//r/rr/.s* ])ossoss 
a nund)(M‘ of fc^atniH's in ('onniion wliidi (list in<>*nisli tluaii (‘(jiially 
from IiotisrMtis and C }f\wpU vus. In addition to tlu‘ projK))*- 
tions of tlu‘ sknll as a w1k) 1(‘, tlu^ slia]H‘ and si)a('in^- of tlu‘ 
t(‘(‘tli, tli(‘ ocrinsion ])att('rn, and tli(‘ strurtiiia' of th(‘ int(‘r- 
orbital r(*Liion arc' part imdai'ly impoi*tan1. In jiTiic'i'al ])ropor- 
tions, tli(" dominant fc'aturc' of the small M })o}i\)H(vis sknll, and 
one' in wiiicdi it au'iaa's with the' much lai'^cn* Liss()}njcfrris, is tlu' 
i-(dativ(dy <»’i‘(*at I('n<i1h of tlu^ antenhor })ai‘t of the' sknll (nic'asinvd 
from l)(diind the postorhital ])i-o(‘('ss(‘s to tlic' ti]is of the* jnannaxil- 
laric's) as (‘om])ai‘cHl witli both hmjilh of the' bi‘ain rase' (mc'asui’cHl 
fi*om hc'hind the* ])ostorl;ital proec'ssos) and its bulk. d\vpi(-ally, 
also, the* brain c-ase in M jfo)ijjct( ris is (‘lon^'atcd ludiind tlu' 
t(nn})oral i*ont of the' zy^'omatic ai’c'h, and the' rostnim is shniden* 
with tlic' postc'rioi’ (‘luls of tlm nasals (h'jn'c'sscal ^ivin^‘ the' sknll 
in ])i-oti}(‘ a dish-fac'cal aj)p(*ai‘an('c', an appc'aranrc' that is ae- 
ccmtiiatod by the* i:i*(‘at (h'vc'lopmcnit of tlu' lat('i*al of the' two 
])aii-s of frontal sinvisc's. 

rompaianl with Iioiis( U us, Lisso))}fcf ( }‘is and M !jo}(f/cf( }'is have' 
a more' sltnnh'r rostrum. In the' two bitten*, a pi'ojc'rt ion of a line* 
alono- the' top of th(' nasals passe's vc'ntral to the' top of the' orbit 
and the' brain c'asc'. In Iioiisf i f us, s( )}su st}‘irto, sncdi a line' ])assc's 
dorsal to both of tlu^sc' points. In the' myonycten'iiu's, the' bi'ain 
rase' is (‘lon^'atod and flattcniod so that the' distanc'c' from the' 
bottom of the (K‘(‘i])ital (-ondyh's to the to]> of the ocndpital ere'st 
is h‘ss than the' distanc'c' fi*om the j)ost”i(‘noid process to the back 
of the eondyh'. whc'i'c'as in Itous( ffus the first distanec' is ('cpml to 
o]' ^'rc'atc'i* than the' s(‘(*ond. The' laruc'r orbit, tlion^b diffienlt to 
measni*e, is c'asy to sc*e. In Lissou jjcf ( ris and M i/ou fjctni’s the 
diamc'ter of the* oi*bit takc*n api)i*oximat(‘ly ])arallc‘l to its anten'o- 
rosti’al margin is (‘cpial to or ^-rc^atei* than the lacn*ymal width: 
in lifnisdfus it is less. Fnrthc'r. tin' antcn*o-vent ral bordei* of 
the or*bit formed by tlu‘ root of the zy^-omatic* arcdi is a l)ett(‘r 
dtW('lo])('d, shar])('i* c'd^-c^d i-jm ; it is thin and plate-like* whc're 
the inf i*aoi*bital (‘anal pi('r(*es it. The thiekc'r root in Iious(ffus 
rc'snlts in a notic-c'ably lon^(*r eanal. 
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When Liss(niyct( ris and M }/o))!/ctf}‘is ai’e eoinpai'ed with Cy- 
uopterus, the an^i’h' of th(‘ nasals, the (dong’ation of the haek of tlie 
skull, and tln^ ratlun* lar^(‘ orbit with a sliort infraorbital eanal 
show no strikiin^’ ditfei-(‘ne(‘s. That th(*se siinilaidt i(\s are indieative 
more of jiarallelism than i‘ela1 ionsliif) is sipu’g’ested hy tlie ])ro- 
nouneed ditf(‘reiK'(‘s in overall propoi’tioiis of the sknll. The 
short, h(‘avy ]*oslrnni and r(4ativ(*ly lar”*(‘ brain eas(* of Cijnoptenis 
('ontrast sharply with the nior(‘ slend(*r iios(hI, less ehunky sknlls 
of J.issontjcti ris and M f/on ijvtcris. Sneh features are hard to 
in(‘asni-(\ !)nt in (UjHoptcnis tin* distaiu'(‘ fi*oni tin* postorhital 
foramen to tlu‘ bac'k of the 0 (-eii)nt is niueh lonj^er tlian the dis- 
tanee from this foramen to tlu‘ j)i*emaxillai‘y sn1in‘(‘, while in 
Lisso})ijrt( ris and M ponpcff ris th(‘se distane<*s ar(* almost e(pial ; 
further, tlu* Inn^ht of the brain ease v(*rtieally above tin* in- 
terpteiyo'oid region is usually a third or more* of tin* h*n^th of 
the skull in the fornn*i\ while in the two latter it is nsnally eon- 
siderably less than oii(‘-thii‘d of this l(*no1h. 

Cei'tain features of the frontal sinuses ai‘e also V(*i*y distinetive. 
Charaet(*ristieally, those of Lissonj/cii ris and M ifomjctcris liave 
the lateral pair imndi mo]*e infiat(*d than tin* medial. This, to- 
<^eth(*r with tin* tiltinj^* np of the oi’bital margin i)Osteriori 3 y 
makes tin* int(*i*oi‘bital r(*^*ion ('oneav(*. In Ronsrtins, the reverse 
is true; the snialh*r, lat(*i‘al pair of sinuses ai*(* relatively less 
infiat(*d, the medial moi‘(*, and tin* orbital margins are not tilted 
up, so the int(‘rorbital r(*»ion is flatteiu*d or domed, sometimes 
with a median suleus anteriorly, hi all three of thesi* ^*(*nera, the 
lateral paii* of sinuses end in front of the postorhital foramina. 
In C[fnopt(vns, on tin* otln*r hand, tin* well inflat(*d lat(*ral jiair 
extend at least to the h*V(*l of the jiostorbital foramina whieh arc* 
thus erowded outwards into the iiostorbital jiroeesses, and tin* 
mueh smalh*r, medial paii* show S('ar(*(*ly any inflation. 


Dextition 

In past elassifieations, tin* reduetion of tin* last molars has 
b(*(*n one of tin* most impoi’tant i-(‘asons foi* .Lironpin^’ M i)omjctrris 
with (\ifi}optrnis, while* tin* iiumb(*r of t(*(*th has been used to 
r<*late the former to I\o)ts( ff )is. Actually, tin* shape* of the an- 
t(*rior t(‘(*th is far rnoiv* important than (‘itln*r of tln*s(* in showing' 
^‘(*in*rie !‘elationships and is om* of the most eleareut (‘haraeders 
i-elatino- Liss<ntpcf< ris and M ijfjiifjrt u'is. \bn-iation at tin* (*nd of 
the molai’ row is, on the otln*r hand, an important differ(*ntial 
ehara(d(*r s(*|>arat iiUi‘ tln*se latt(*r two. Ty})i(*ally, tin* (*yno])te]‘ine 
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bats liavt* lost tlu* last uppor ami low(*r* inolai's, while these teeth 
are retain(‘d and well dev(‘lop(‘d in the I’onsettim* »:roup. I>oth 
Lissonyci( ris and M youijctf ris liavc* the i-ousettim* formula hut, 
in th(‘ latter, the last iiiolai’s are tiny and elearly obsoleseent, 
while in tin* former they ari‘ tlu‘ opposite. Reduet ion of the 
molars in M yoni/ctcris is no moi‘e rc'ason than tludr stronger 
development in Lisson ycicris for grouping the one with Cy- 
nopienis and the other with I\ous( fUts. 

The strueture of the t(‘(*th, their sparing, and the oeelusion 
pattern ai’e i-emarkably similar in M yonycteris and Lissonyrtfris 
and differ equally from both (Ujnopterus and Houscttus. The 
most striking feature of the tooth rows of Lissonycicris and 
M youyctfi’is is the wide sparing of the shoi-t, bi‘oad teeth; in 
addition, the anteidor teeth have the main external eusps plaeed 
well bark on the outer margin so that in ju-otile the teeth look 
more e(piilat(‘rally triangular. The teeth in Cynoptcrus differ 
sharply in being larger and more erowded, and in the an*ange- 
nient of the eusps, with the main external eusp more anterior 
and a deeper suleus se]>ai‘ating the inner and outer halves of the 
teeth. In the upper jaw of Cynoptcrus, P’’ has a well mai'ked 
ridge or internal eusp, whei-eas in Lissonyeicris and M yonycteris 
this tooth, though thiek, is simple. In the low’er jaw of Cynop- 
terns, 1^] is relatively large and P- eompared to P^ is eonspieu- 
ously higher, almost as broad, but shorter with a less well de- 
veloj)ed heel. In Llssonyct( ris and M yonycti ris is tiny and P:> 

redueed, mueh nai*rower and only slightly higher than P4, with 
no traee of a heel; P4 is rtdatively large with a high, almost 
eenti-al, main eusp. bilobed in Lissonyeteris and in M yonycteris 
with sometimes a sitggestion of a he<d. In gemu'al, th(‘se pi'e- 
molars ai*e more similai’ to thos(‘ of I\ons( ttns ; in the latter, P-h 
Po, and 1^4 are simple, high, and differ from Jjissonycteris and 
M yonycteris ehiefiy in having the single eusp set fartlier forward 
with a traee of a heel post(U‘ioi*ly. P-^ has the more usual pteropid 
elongated sliape wuth the main eusps foi*wai*d and the inner 
margin sometimes bilobed. In tlu* lower jaw, neither of the first 
two premolars of Ronscttus is redueed, as in the former genera, 
while the molai’s are longcu* and nai’rowei*. 

The wide sparing and simj)le shape of the teeth in Lissonyeteris 
and M yonycteris relate to a v(u*y (diaraeteristie o(‘elusion pattei*n 
in whi('h the P.*> and P‘^* alternate with eaeh other, P4 baiady 
oeeludes with the postei'ior edge of P'*, and thei*e is sc-areely any 
more eontaet between and the iu)stei*ior edge of P4. In Ronset- 
tuSy the overlapping of the teetli is moi*e pi'onoiineed, eorrelated 
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with tiio ))(‘‘i'innino’ of a lu*(4. In ifnoptcrns, it is (‘Von more so 
witli th(‘ ei'owded t(*eth slaiitino- foj'wards and Po reaehino’ tlie 
l)a('k of tin* np|)er eanine. 

( )n tin* ])asis of the material at liand, Mif<nujct( ris and Liti- 
sonijctivis ddf(*r suffieiently fi'om ea(di otlu*r to waiTant g’enerie 
distinction. IloM'(‘V(‘r, it may be si^'iiifieant that M. (Pit ij<jefis) 
is distin^auslnal from J/. {Myonj/rio'is) by its relatively lai’^'er 
te(dh, (‘sj)e(*ially ^l’-* and and the bilob(Ml main eiisj) of P 4 . 
eharmdei-s which also lielp distinguish Lisso)iyct( ris from J///o- 
nijvti ris, sensu siricto. Fni‘th(‘r, two small speei(‘s of Liss(nuicicns, 
smith a and cri/pticota, which are deseidbed as haviii^‘ reduced 
dentition, may ])i*ove to b(‘ somewhat intermediat(‘ lad ween the 
two <i'en(n*a. Study of th(^s(^ |)ossib!y anma-tant forms may mak(‘ 
it iH‘e(*ssary to i’(a‘onsid(‘r the ^■eneri(‘ status of Jjisso}iyct( ris. 
For tin* pi’cs(*nt it s(*ems best to i'(*tain both as full »’(*n(*i*a. 

DlSt'FSSlOX 

While thi* results of this study point uj) the distinctness of 
the myonyeterine fi‘om both tin* eyno])terine and the rousettine 
se(‘tions of the Pt(*ropina(*, tln*y also su^-^(*st that the foj‘m(*r may 
be more elos<*ly r(*lated to tlie e])om(j|)hoi*ine section than has 
])i*(*vionsly been sni)|)osed. A casual inspection of tin* e])omo- 
phoriin*s and myony(‘t(*i‘iu(*s shows such (*xtr(*m(* external dif- 
fei-enc(’s, sin'h diftereiU'es in structure of the ])alat<*, post(*rior 
bony nares, sliaja* of the molars and tooth l’oi*mula, and sucii a 
greatly elon^at(‘d rostrum in many ('p(niioj)horim*s that any clos(* 
relationshij) mi^ht s(*(*m most unlikely. Ilow(*ver, in the ratiier 
uns})e('ialized ^(*nus Iipomops, tin* litth* or not d<*fi(*eted skull, 
tin* i*elativ(* size as w(*ll a^ shape of the bi^iin (-asi* and i‘osti’um, 
tin* (h*tails of tin* int(*rorbital r(*‘jion, and tin* size of the oi'bits all 
show a stron<>- i'(*semblanc(‘ to IJsso)tyct( ris. hi similar ways. 
hJ p(jmopJwrus labiatus, (*xc(*pt lor its elon<:‘at(*d i*osti-um, V(*- 
s(*mbh*s M yoti}p‘(( )’is. Tln*r(* ar(* otln*r res(*ml)lanees. In tin* 
(*|)omophoi‘ines, tin* wid(* s])aciii^‘ of tin* t(*(*th and tin* cons(*(pn‘in 
alt(*ioiatin^- mor(* tlian ovei’la|)])in^‘ occlusion |iatt(*rn of tin* 
ant(*i*ior oin*s as W(*ll as tin* moiv jiosterior jiosition of tin* main 
cns|)s of both upper and low(*r third and foui’tli pr(*molars and 
tin* small siz(* ol’ tin* first Iow(‘r j)r(*molar all sn^’^’est tin* myo- 
ny(‘t(*rin(* ^ronp. Tin* (*haracteristi(* tooth formula of tin* 
(*pomophoi‘ines is foi'eshadow(*d by tin* ”'i‘(*at r(‘du(‘tion in M yo- 
nyctiiis of those* t(*(*th whiedi ai-(* lackin<;‘ in the foi'iin*r. Fx- 
t(*rnally, tin* lon^‘-fiii‘.icr(*d wiii!i‘, in which tin* meta(*arpal and 
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first phahmx of di^it fiv(‘ is a little* longer than tin* foroarni in 
fJp(n}}ops, and tlio attaohim*]]! of the wing nienibraiu* in this 
and most of tlie (‘pomojdiorine l)ats to the* first phalanx of the 
s('eond toe* are* also ehai‘aete‘risti(*ally mye)nyede*rine*. finally. 
the)ugli the arrange‘ine*nt of tin* palatal ridges is highly variable 
frenn specie's to s])e*eie's. in one* fe)rni at !(*ast e>f Epo)i}ops the di- 
vide'el foni’th anel nndivide'd, sti'aiglit first thiv'e* ridgc's are not 
Jinlike' those in Lissniiycfrris. 

Tile e*j)eHnophorine affinitie's e>f LissfWjfcti ris and jj(n}jjrtn'is 
are further indieate*d by I>enee:lie*t (IhbT, j). ‘2hl2) : “Strikingly, 
the* scale* feinn eif h\ (nifjnl (lists [Lissoujjcfn'is aip/olnisis] is 
more similar to tliat of the* Epo])ioph(nns sc'ctiem than to tlu* 
lUnisctius se*e*tion to wliich Ande*rsen assigns it.” and “The seale's 
of M \pn}\j('in'is are viilually indist ingnishalile from those* of the* 
Epomopliorus sectiem. 

Analyzing tlu* eliffe*re*nce*s be*twee*n the* e*pe)mophe)rine‘s anel 
myonycterine's. we* find that the nieist e-einspie-uons e)iu*s nsnally 
are found in the regieins of the* skull wheie, within the* e*|)e)mo- 
pheirine* group, the*i*e* is mne*h generie* variatiem, e>r that these* 
eliffe*rence*s are* men-e extreme* ele*vele)pnie*nts of traits whieh 
Liss(ni]fci( vis anel M ipniijctc vis alreaeiy slieiw. This sngge*sts that 
tlu* e*pe)nie)j)horine* is a s})e*edalize*e] bi'ane-h of the* myonyete*rine* 
gi*e)U]) which in turn is fairly edeise te> an eai'ly liouscitus-Wki.^ 
stoedv. The*se anne*e*tant feirms, the* mye)nye*te*rine*s, help te> ceinfirm 
Anelerseirs (1912, liii-hd) sujijuisitiein that the* eiidgin e>f the* 
e*i)e)me)plu)rine' greiup was freiin a ])n’mitive and liousdi us-\\k(' 
stock. 

The* e‘yne)pte*rine bats are* e*le*arly epiite diffei‘e*nt. lve\sem- 
blance's be*twee*n tlu^se* and Mijonifctcris such as tooth formula, 
sheirtening of the reistrum, slight eleingatiein of the* bae*k e>f the* 
skull, re*elnetion e>f the* tail, anel develeipment eif the wing as well 
as re)osting and loeeimotory be*havie)r are* pi-obably parade*! 
eleveleipments in gremps which elivergeel early. Anele*rse*n alse) 
supi>e)se‘s that the e*yne)j)terine bats areise from early fiousrff us- 
like* anceste)i*s, but, with M j/(nnfcf( ris eliminate*el as an inter- 
nu'diate feirm, the two greinjis are more sharply distine-t than M7is 
previously supposed. 

(leographie*aIly. the* i)ie*tni‘e* pre*se*nte‘d by the* meirpholeigie'al 
e'videne-e* is a very h)gie*al e)iie. Tlie cyneipterine* bats liecome 
exclnsive*ly an Oriental anel Austi*e)AIalayan gre)up, the* epome)- 
plu)rine*s ai’e* i‘e*striede*el te) Africa where they center in the 
weste'rn fe)reste*d i*e‘gions, anel in this same* ge*ne*i‘al area we finel 
the rather more* primitive but faii*ly ch)sely relateel myonyeterine* 
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group. Common to liotli r('gions is tlio ronsettine group con- 
sidered, on t]i(‘ basis of mor])liologicaI eliaraeters, to be tlie most 
primitive and therefore' j)robably tlie most dir(‘et deseendant of 
the ancestral stock from wliicli all arose. The occurrence of a 
higldy developed sonar syst(*ni in the otherwise not particudarly 
sp(‘cialized IioKi^cffvs suggests, however, that they are farther 
reinov(‘d from the ancestral stO('k than was previously supposed. 
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Figm'(‘ 1. Lis.soui/ctrri.s anf/nirnsis hanging from slat liy the left foot (?iot 
visible), holding a pieee of l)anana with its right foot, while biting off a 
manageable portion. 
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Fit>:iir('s .‘I, mid 4. Lisson ifcl cris a n ff<di iisis limi<llin^ jiieci's of bmiMii.i. 
Tlio us(' of till* foot ill limidliiij»' foo(l oiid tlic i»osluri' of llio wiiij^s wliilc* 
doiiijj^ so is clojirly shown. 

Fi^nn* 5. IJ.ssonifrlrris (ni(/oh n.si.s rcsfiii^, lin iij^iii^ on n cmivns wnll nt 
its jnnetion with tin* c(*ilinj>:. Xoto tin* position of tin* fci*t whiidi emi hold 
onto :i roost i*i|nnlly widl in this or tin* opjiositi* oiii'iil jit ion. 1’hi* winjjs arc* 
Ix'iiij; litdd well ovorhippod, siibstmit ially <*nwra])pinjr tin* body. Jf tin* bat 
liad not boon disturbed by the photographer, its idiiii would have been 
lurked afjoinst its idlest and its eyes elosed. 


